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SimSTTTUTED SAPOGENINS AND THEIR USE 



The present invention relates to substituted sapogenins and iJieir medicinal use, in 
5 particular in treating cognitive disfiinction and allied conditions; and to compositions for use 

in sudi treatments. The invention is also concerned vri&.1fae use of llie compounds and 
compositions of liie invention in regulating cellular activi^, and with the treatmeaot of 
conditions that are characterised by a deficiency in the number or function of membrane- 
bound receptors. In the following, the present invention will be described principally with 

10 reference to the treatment of Alzheimer's disease (AD) and senile dementia of the 

Alzheimer's type (SDAT), where deficiencies in a number of receptor types have been 
demonstrated. However, it is to be understood that the present invaition relates generally to 
the treatment of conditions attributable to intrinsic pathological conditions and/or e:q)0sure 
to adverse environmental conditions these conditions being characterised by a deficiency in 

15 tiie numiber or fimction of membrane-bound receptors or a deficiency in transmission at the 

junctions between neurones or at the junctions of neurones and efEector cells. 

Conditions of the type mentioned above include Parkinson's disease, Lewi body 
dementia, postural hypotension, autism, dnronic fetigue syndrome. Myasthenia Gravis, 
20 Lambert Eaton disease, diseases and problems associated with Gulf War Syndrome, 

occupational exposure to organophosphorus compounds and probl^ns associated wifli 
ageing. 

Alzheimer's disease (AD) and senile dementia of the Alzheimer's type (SDAT) are 
25 grave and growing problems in all societies ^ere, because of an increase in life expectancy 

and control of adventitious disease, the demographic profile is increasingly extending 
towards a more aged population. Agents whidi can treat, or help in the management of, 
AD/SDAT are urgentiy required. 

3 0 Age-associated memory impaiiment (AAMI) is a characteristic of older patients 

who, while being psychologically and physically normal, complain of memory loss. It is a 
poorly defined syndrome, but agents which are effective in treatmoit of AD/SDAT may 
also be of value in these patients. 



35 Research into AD/SDAT is being carried out by traditional and conventional 

medical research methods and disciplines. In conventional medicine, there are 
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several approaches to the treatment of AD/SDAT. It is known that the biochemical 
processes subserving memory in the cerebral cortex are (at least in part) 
cholinergically-mediated. Those skilled in the art will know that "cholinergically 
mediated" mechanisms may be directly attributable to acetylcholine acting on 
receptors, and these are dkect effects. Other, clinically useful effects may also be 
caused by modulation of release of acetylcholine from pre-synaptic nerve endings or 
inhibition of enzymes that destroy acetylcholine. These modulating factors may be 
exerted through neurones where the mediator is non-cholinergic; these are referred 
to as indirect effects. Some attempts at treatment have focussed on the role of 
other mediators such as 5-hydroxytryptamine, which is a mediator in other areas of 
brain, such as the mid-brain nuclei. However, since fibres from these areas are 
projected forward into the cerebral cortex where the primary transmitter is 
acetylcholine, attention has focussed on the management of this mediator in the 
search for appropriate therapeutic agents. 

Cholinergic strategies for the treatment of AD/SDAT have been directed at 
several points along the pathway of formation, synaptic release and removal of 
released acetylcholine. 

One approach involves treatment with high doses of lecithin and other 
precursors of acetylcholine. This is of limited use in producing sustained 
improvements in cognitive performance. 

Another approach involves the use of vegetable drugs such as Polygalae 
root extract, which has been shown to enhance choline-acetylcholine transferase 
(CAT) activity and nerve growth factor (NGF) secretion in brain. Oral 
administration of NGF has no effect on central nervous system neurons because it is 
a high molecular weight protein that cannot pass through the blood-brain barrier. 
However, agents which can pass through the blood-brain barrier and have a 
stimulating effect on NGF synthesis in the central nervous system have been 
proposed for the improvement of memory-related behaviour. 

The results of a tWrd clinical approach, which uses cholinesterase inhibitors 
such as tacrine hydrochloride, have been marginally more positive than the above. 
Substances obtained from plants used in Chinese and Western medicine, for 
example huperzine, galanthamine, and physostigmine have all been shown to be of 
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some - although limited - benefit m the treatment of AD/SDAT in clinical studies 
and also in laboratory models. All of these substances are inhibitors of acetylcholine 
esterase (AChE). In patients with AD/SDAT, there may be reduced synthesis of 
acetylcholine (ACh), reduced efiBdency in release of ACh fi-om presynaptic stores, 
and a decrease in the number or function of postsynaptic (Mj) receptors. 
Reductions in pre-synaptic M2 receptors have also been shown. The benefidal 
effect of AChE inhibitors is attributed to enhancement of acetylcholine levels at 
synapses in brain by slowing down the destruction of released transmitter. 

Compositions which modulate cholinergic function are known to affect 
memory and recall. For example, nicotine stimulates nicotinic acetylcholine 
receptors, and the short lived memoiy enhancmg effects of cigarette smoking are 
thought to be due to the effect of nicotine. Scopolamine, an antagonist of 
acetylcholine, will produce amnesia and in^)aired cognitive function manifesting in 
psychomotor tests as a prolongation of simple reaction times, possibly as a result of 
impaired attention, and is used for this purpose as an adjunctive analgesic treatment. 
The amnesic effect of scopolamine can be antagonised by nicotine. 

There are two femiUes of nicotinic receptor subtypes (a and P), and each 
includes four subgroups which differ in ligand specificity. The role of nicotinic 
receptors in the CNS is not well imderstood at the molecular level It is possible 
that agents binding to nicotinic receptors may modify the rate of turnover at 
muscarinic receptor sites in brain. Nicotinic receptors are ligand-gated ion 
channels, and their activation causes a rapid (millisecond) increase in cellular 
permeability to Na* and Ca^, depolarisation and excitation. 

Another class of cholinergic receptors can be stimulated by muscarine. Such 
muscarinic (M) receptors are G protein-coupled receptors. Responses of 
muscarinic receptors are slower; they may be excitatory or inhibitory. They are not 
necessarily linked to changes m ion permeability. Five types of muscarinic receptors 
have been detected by cholinergic receptor cloning, and are designated as mi-mj. 
Phaimacologicai effects are assodated with four of the" cloned receptors and they 
are designated as M^Mi based on pharmacological spedfidty. 

Using specific receptor proteins and monoclonal antibodies, it has been 
possible to fiirther locahse muscarinic receptors in brain as (postsynaptic) and mj 
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(presynaptic). In heart, M2 receptors are postsynaptic. Presynaptic muscarinic 
receptors are thought to be inhibitory, the binding of ACh to these receptors 
attenuating the release of further ACh to provide a negative feedback mechanism 
for Ach release. Selective receptor antagonists which are preferentially 
5 distributed to the brain may therefore be useful in treating Alzheimer's disease. 

It is known that, in disease states such as AD/SDAT, there is general 
neuronal loss and defidts in cholinergic nerve fimction. It has been speculated that 
the high aflSnity nicotinic binding sites in the remaining cholinergic neurons might be 
10 converted to low aflBnity binding sites in treating such diseases, thereby sustaining 

transmitter release. By lowering the affinity of the nicotinic binding sites, a quick 
desensitising process is avoided. 

Agonist activation at nicotinic receptors in brain has rapid onset and oflFset. 

15 A decreased affinity of the nicotinic receptors will reduce the desensitisation 

process. Schwanz RD. et al (J. Neuro Chem 42, (1984), 1495-8) have shown that 
nicotine binding sites are presynaptically located on cholinergic (and also S- 
hydroxytryptaminergic and catecholaminergic) axon terminals. A change in high 
afBnity binding sites on AD/SDAT may also induce a change in the modulatory 

20 effect the nicotinic binding sites may have on other transmitter systems. 

Presjmaptic cholinergic mechanisms are also under inhibitory control by 
GAB Aergic neurons and this inhibition is thought to be intensified in AD/SDAT. 
Removal or reduction of this inhibition intensifies presynaptic cortical cholinergic 
25 activity and enhances cognitive processing. 

The interactions of intemeuronal fibres innervated by nicotine (reducing 
binding aflSnily), and dis-inhibition of GABAergic fibres both have a presynaptic 
locus. 

30 

This is a simplistic model of central transmission, but provides a firamework 
for understanding the attempts which have been made to increase the effective 
concentration of acetylcholine in central synapses. This further illustrates the 
concept of direct and indirect action. There are disadvantages attaching to the three 
35 conventional therapeutic approaches to AD/SDAT treatment mentioned above: 

ACh precursor supplementation, agonist replacement and acetylcholine esterase 
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inhibition. These treatments may result in a short-term increase in the avaUability of 
ACh wtoch may activate feedback mechamsms resulting in the desoisitisation of 
postsynaptic receptors. On theoretical grounds, long term benefits would not be 
pre^cted and when treatment is mterrupted, any benefits in management of 
5 AD/SDAT and AAMIdis^pear and the condition may even be aggravated. 

It has been shown that a compound with Mj agonist and Mj/Mj antagonist 
activity improved cognitive performance in SDAT patients (Sramak et al. Life 
Sciences voL 2. No. 3, 195-202, 1997). However, this compound causes 
10 unacceptable choluxergic side efifects, such as fetigue, diarrhoea and nausea. 

A more radical approach to AD/SDAT and AAMI aims to increase the 
number of postsynaptic (Mi) receptors, in brain. It is known firom Chinese Patent 
No. CN109603 1 A, tiiat sarsasapogenin (SaG) can up-regulate cholinergic 
15 receptors and also down-regulate (i.e. move towards normal levels of) p-adrenergic 
receptors, tiie number of wWch may be patiiologically-raised m AD/SDAT. 

Patent ^plications have been published which claim tiie usefuhiess of a 
number of steroid sapogenins having spirostane, fiiro-spirostane, spirosolane or 
20 solanidme structures in tiie treatment of diseases including SDAT. The following 

patent publications are of particular relevance here: 

Chinese patent pubUcation No CN109603 1 A claims tiie use of tiie spirostane 
sapogenin, sarsasapogenin, in tiie tieatment of SDAT. The disclosure in tiiis 
document, however, is brief. The otiier document of relevance is patent pubhcation 
25 DE 4303214A1 which daims tiie use of a very wde range of saponins and 

sapogenins in tiie treatinent of a whole range of diseases that tiie inventors consider 
to be of viral origm. This disclosure is however of dubious value in tiiat it is well 
recognised that there is no infective element to a very large number of the 
conditions that are characterised by deficient synaptic transmission and tiius tiie 

30 basic premise of tiie afleged invention is flawed. In addition tiiey present no data of 
any kind tiiat allows one skffled in tiie art to be able select a preferred compound 
firom tiie large number tiiat are daimed. Finally, tiie International patent appUcation 
WO 99/48507 disdoses tiie activity of unsubstituted sapogenins such as 
sarsasapogenm, smilagenin, prazerigenin, astragaloside, tigogenin, hecogenin, 

35 ruscogenin and diosgenin on M2 receptors and tiieir use for treating Alzheimer's 
disease. 



10 
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The inventors have now found that substituted sapogenin derivatives exhibit 
enhanced ability to regulate receptors and/or to increase the number of M2 
receptors in the brain, in comparison of the compounds of the prior art. Moreover, 
they show unexpected good bioavailability over the known compounds and are thus 
particularly suitable active ingredients for treating M2 receptors related diseases 
such as the Alzheimer' s disease. 

Thus, an object of the present invention is the provision of substituted 
sapogenin derivatives. 

According to another aspect of the invention, there is provided the use of a 
substituted sapogenin derivative in the manufacture of a medicament for use in the 
regulation of cellular activity or for the treatment of a condition characterised by a 
deficiency in postsynaptic membrane-bound receptor number or fiinction 



Those skilled in the art will be aware of the relationship between s^onins 
and then* sapogenins, and that the latter tend to be &t-soluble whereas the saponins 
tend to be water-soluble. Sapogenins are therefore better able to cross the blood- 
brain barrier. The skilled man will also be aware of the epimerisation of certain 
' 20 sq)0genins under conditions of acid hydrolysis. 

The variation in pharmacological properties and pharmacodynamic actions of 
various types of sapogenins underlines the need for selection of those agents which 
are most useful in the treatment or AD/SDAT. The discovery of novel fects about 
25 the action of sapogenin derivatives has made it possible to determine which 

substances are most useful for the treatment for the treatment of AD/SDAT and the 
like. 

The term "substituted sapogenms" according to the invention refers to 
30 sapogenin derivatives bearing at least one substituent "X*', wherein the X radical is 

chosen fi*om the group consisting of : 

• halo atom, 

• (Me-S-X (Me-SO-), (Me-SOj-), 

• N3-, NH2-, MeSOjNH-, and 
35 • alkyl. 

According to a preferred aspect, it refers to sapogenin derivatives wherein at 
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least one OH-group is substituted by a X radical atom as defined above. 

As used hereabove and hereafter, the term "sapogenin" derivatives includes 
compounds such as those described in the British applications GB 9923076.5, GB 
9923077,3, GB 9923078.1, whose contents are incorporated herem by reference, 
and such as those disclosed m the Ihtemational appUcation WO 99/48507, 
incorporated herein by reference, mcluding sarsasapogemn, smilagenin, 
anzurogenin-D, hecogenin, sisalgenin, tigogenin, diosgenin, ruscogenin, 
prazerigenin and astragaloside. 

According to a first aspect, suitable substituted sapogenins may be chosen fi-om 
those of general formula (I): 




(I) 



and their stereoisomers and racemic mixtures, their pharmaceutically acceptable 

pro-drugs and salts, 

wherein m the general formula (T): 

- Ri, R2, Ra* R4J R5> Rtf* R?^ Rg* Ri<h Ri3» Rw* R2i> R22> R23> R24» Ra?* Ra** R29, 
R30, R31, R34, R35, are, independently of each other,'either H, OH, =0, and OR 
where R = alkyl or acyl group or absent; 

- R9, Rn, R12, Ri5, R16, Rn, R25 are either a H, OH, OR where R = alkyl or acyl 
group or absent; 

- R33 , = Hi alkyl group, OH, =0 or OR where R = alkyl or acyl group or 
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absent. 



represents an optional double bond, and 



wherein in addition to the above 



10 



15 



20 



25 



30 



at least one of the Rj, R^, R3, R4, R5, Re, R7, Rs, R9. Rio> Rii. Ri3,Ri4,Ri5, Ri6, 



radical, 

wherein X is chosen &om the group consisting of : 
' halo atom, 

• (Me-S-), (Me-SO-X (Me-SOz-), 

• N3-, MeSOjNH-, and 

alkyl. 

Preferably, in the general formula (T): 

- Ri, Ra* R35 ^5* Rtf> ^9 RlO» ^139 ^21* ^22, ^23? ^24* ^269 ^27^ ^29, ^30* 

R31, R32, R34, R35, are, independently of each other, either H, OH, =0, and OR where 
R = alkyl or acyl group or absent; 

- R9, Ri2, Ri5, Ri6j Ri7 ^ 

- R,i, R25, are either a H, OH, OR where R = alkyl or acyl group or absent; 

- R33 , Ri4 = H, alkyl group, OH, =0 or OR where R = alkyl or acyl group or 
absent, 

represents an optional double bond, and 

wherein in addition to the above 

at least one of the R^, R2, R3, R4^ R5, Rs* ^9 Ri<h R13, Ri4» -^la; Rzi* ^22* ^23* ^24* 
^26* ^279 ^289 R29, R^o* ^31* ^33, ^^34* is a X radical, 
wherein X is chosen from the group consisting of : 

• halo atom, 

• (Me-S-), (Me-SO-), (Me-SOa-), 

• N3-, M12-, MeSOaNH-, and 



More preferably, in the general formula (I): 
-Ri= R4— Rs^" Re" Rfi" Rio'^B'ii^ R9" Ri2^ Ri3~ Ris ~ R16 ~ Ri7 ^ ~ 
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- the methyl group at C25 is either in the R or S configuration and 
at least one of R3 or R23 is a X radical, the possible remaining substituent being H, 
OH, =0, and OR where R = alkyl or acyl group or absent, 
and X is chosen firom the group consisting of : 
5 ' halo atom, 

• (Me-S-), (Me-SO-), (Me-SOj-), and 

• N3-, ISIH^-, MeSOjNH-, and 

• alkyl 

10 Still more preferably, in the general formula (I): 

-Ri= R2= R4= R5= R5= R7= Ra= Rio=Rii= R9- Ri2= Ris" R15 ~ ^le ^ ^i? ~ 

Rai" ^22^ I^24~ ^25" ^^26" ^27^^ ^IST^TB^ ^Wo" ^31^ I^2~ ^4 ~ ^35 ~ H> 

-Ri4 = R33 = alkyl, e.g. methyl, 

represents a single bond, 

15 at least one of R3 or R23 is a X radical, the possible remaining substituent being H, 

OH, =0, and OR where R = alkyl or acyl group or absent 
and X is chosen from the group consisting of : 
" halo atom, 

• (Me-S-), (Me-SO-), (Me-SOj-), and 
20 • N3-, NH2-, MeSOjNH-, and 

• alkyl 

According to a second aspect of the invention, suitable substituted 
25 sapog^iins may be chosen from the compoimds of general formula (Q): 



30 
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833 



10 



15 



20 



25 



30 



their stereoisomers and racetnic mixtures, their pharmaceutically acceptable pro- 
drugs and salts, 

wherein in the general formula (II): 



K29 R30, R31, R32» R34> are, independently of each other, either H, OH, =0, and 
OR where R = alkyl or acyl group or absent; 

. Rp, Kn, R12, Ri5, Ri7, R25 are either a H, OH, OR where R == alkyl or aqrl 
group or absent; 

- 1^3 , Ri4 = H, alkyl group, OH, =0 or OR where R = alkyl or acyl group or 
absent, 

represents an optional double bond, and 

wherein in addition to the above 

at least one of the Rj, Rj, R3, R4, R5, R7. ^7 Rio> ^12^ Ri3,Ri4,Ri5> ^i6y 

Rl7> Ri8,Ri9j ^20* ^21? ^^22> ^23^ ^24? ^25. J^26> ^7^7 ^28? ^29, ^SOj ^Sl? ^32? ^33, ^^34^ ^35 

is a X radical, 

wherein X is chosen from the group consisting of : 
- halo atom, 

• (Me-S-), (Me-SO-), (Me-SOj-), 

• Nj-, NHj-, MeSO^NH-, and 




alkyl. 
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Preferably, in the general formula (II) 

- Rj, Rj, R3, R4, R5, Rio. Rl3> R18, ^21. ^225 R23> ^24^ ^26^ ^27^ ^28. ^29, ^30* 

R31, R32> R34. R35, are, independently of each other, either H, OH, ==0, and OR where 
R = alkyl or acyl group or absent; 

- R9, R12, Rl5» Rl6> Rl7 ~ ^» 

- R2o= «ther H, OH, =0, and OR where R = alkyl, acyl or carbohydrate and 

- Ru, Ri5^ R25, are either a H, OH, OR where R = alkyl or acyl group or absent; 
- Ri4 = H, alkyl group, OH, =0 or OR where R = alkyl or acyl group or 
absent, 

represents an optional double bond, and 

wherein in addition to the above 

at least one of the Ri, R2, R3, Rs* R?* R«> Rio. Ri3,Ri4» Ri8,Ri9» R20J R21? R22> 
R23. R24, R26, R27> R28, R29, R30, R31, R32. R33, R34, R33 is a X radical, 
wherein X is chosen from the group consisting of : 

• halo atom, 

• (Me-S-X (Me-SO-X (Me-SOr), 

• N3-, NB^-, MeSOjNH-, and 

• alkyl. 

More prefebly, in the general formula (11): 
.Ri= R,= R4= R5- R6= R7= R8= Rio=Ru= R9= Ri2= Ri3= Ri5 = R16 = Ri7 = Ria = 

R21= R22= R23= R24= R^S^ R26= R27= R28=R29= R30= R31= R32= R33 = R34 = R3S = H. 
-Rl4 = CH3, 

- R2o= -OH or -OR where R = alkyl, acyl or carbohydrate and 
Ri9=Hor is absent 

represents an optional double bond, and 

- the methyl group at C25 is either in the R or S configuration and 
wherein in addition to the above 

at least one of R3 or R23 is a X radical, the possible remaining substituent being H, 
OH, =0, and OR where R = alkyl or acyl group or absent, 
and X is chosen from the group consisting of : 
; halo atom, 

• (Me-S-), (Me-SO-), (Me-S02-), and 

• N3-, NH2-, MeSOjNH-, and 

• alkyl. 
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Still more preferably, in the general formula (II): 

-Ri= Rf= R4= R^^ R<j= R7= R8= Rio=Rii= ^9= Ri2= Ri3= Ris = = R17 = R18 = 

R^Zl^ ^22^ ^23" ^24" R25~ ^26" ^27" R28'^R29~ ^30^ ^31" ^32" ^34 ~ ^35 ^ H 

5 -Ri4 = R33 = alkyl e.g. methyl, 

- R2o= -OH or -OR where R = alkyl, acyl or carbohydrate and 
Rjg = H or is absent 

represents an optional double bond, and 

wherein in addition to the above 
10 at least one of R3 or R23 is a X radical, the possible remaining substituent being H, 

OH, =0, and OR where R = alkyl or acyl group or absent, 
and X is chosen from the group consisting of : 

• halo atom, 

• (Me-S-), (Me-SO-), (M:e-S02-), and 
15 • N3-, NH2-, MeSOzNH-, and 

• alkyl.' 

According to a third aspect, suitable substituted sapogenins may be chosen 
20 from the compounds of general formula (IQ): 




35 
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and their stereoisomers and racemic mixtures, thdr pharmaceutically acceptable 

pro-drugs and salts, 

wherein the general formula (HI): 

- Ri, R2, i^, R4, i^. Rg. Rio. Ri3, Ri8> Ri9,R2(b Rii* R23, R24, R26, 

R29, R3i> R32, R34, R35,R36,R37 are, independently of each other, either H, OH, 
=0, and OR where R= alkjd or acyl group or absent^ 

- R^, Ru, Ri2, Ri4. Ri5, R16, Ri7, R25, R33 can be either a H, OH, OR where R = alkyl 
or acyi group or absent; 

- Ri4 = R33 = alkyl= H, alkjd group, OH =0 or OR where R = alkyl or acyl group 
or absent, 

represents an optional double bond, and 

wherein in addition to the above 

at least one of the Rj, R2, R35 R4. R55 R^? Rt^ Rr. R95 Rio. Riu Ri2> R13, Rw, Ri5> Ri6j 

Rl7, Rl8,Rl9. R20, Rzb R22. R23> R24. R25, R26. R27> R28. R29, R30. R3I. R32. R33, R34» ^3S 

R36, R37 is a X radical, 

wherein X is chosen from the group consisting of : 

• halo atom, 

• (Me-S-), (Me-SO-), (Me-SOj-), 

- N3-, NH2-, MeSOjNH-, and 

• alkyl. 

Preferably, in the general formula (JJI): 

- Ri, R2, R3, R4, R5, Rfi, R7, R«, Rio, RX3, R18. R19.R2I, R!22, R23. R24. R26. R27. R28, R29. 

R30, I^u R32> R34, R35.R36.R37are, independently of each other, either H, OH, =0, 
and OR where R = alkyl or aqd group or absent; 

- R9, R12, Ri5> R163 Rl7 ^ ^ 

. R20 = H, OH, =0, and OR where R = alkyl, acyl or carbohydrate and 

- Ru, Rzs, are either a H, OH, OR where R = alkyl or acyl group or absent; 

- R33 , Ru = H, alkyl group, OH, =0 or OR where R = alkyl or acyl group or 
absent, 

represents an optional double bond, and 

wherein in addition to the above 

at least one of the R„ R2, R3, R4, R5, Rd, R7, Rs* Rio. R13. Ri4, Ris, Rip. R20. R21, R22, 
R23. R24, R26, R27, R28, R29, R30. ^1, R32, ^3, R34, R33 R36.R37is a X radical, 
wherein X is chosen from the group conasting of : 
* halo atom. 
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• (Me-S-), (Me-SO-), (Me-SOj-), 

• N3-, NH2-, MeSOiNH-, and 

• alkyl 

More preferably, in the general formula QH): 

-Rl= R2= R4= Rs^ Rfi" R?"^ I^10~Rll~ P^13~ ^15 " ^16 ~ ^17 ~ ^18 " 

R21~ ^22^^ ^24" ^25" ^26^ ^27" ^28"^^" ^30" ^3 ~ ^34 ~ ^35 ~ H> 

-Rl4 = CH3, 

- R2o== -OH or -OR where R = alkyl, acyl or carbohydrate and 
Ri9 = Hor is absent 

R37=H,-OHorK) 
R36=Hor-OH 

represents a smgle bond, and 

- the methyl group at C25 may be dther in the R or S configuration and 
wherein in addition to the above 

at least one of R3 or R23 is a X radical, the possible remaimng substituent being H, 
OH, =0, and OR where R = allQ^l or acyl group or absent, 
and X is chosen firom the group consisting of : 

• halo atom, 

• (Me-S-), (Me-SO-), (Me-SOj-), and 

• N3-, MeSOaNH-, 
•alkyl. 

Still more preferably, in the general formula (JH): 
-Ri- R2= R4= R5= Rtf^ Rt^ Rg= Rio=Rii= ^9= Ri2= Ri3= Ri5 = R16 = Ri7 = R18 = 

R2i= R22'^ ^23" ^24" ^25" ^26^ ^27" ^TJT^^^ ^30" ^32^ ^34 ~ ^35 ~ H, 

-Ri4 = R33 = alkyl, e.g. methyl, 

- R2o= -OH or -OR where R = alkyl, acyl or carbohydrate and 
Ri9= H or is absent 

R37-H,-OHor=0 
R3^=Hor-OH 

represents a single bond, and 

wherein in addition to the above 

at least one of R3 or R23 is a X radical, the possible remaining substituent being H, 
OH, =0, and OR where R - alkyl or acyl group or absent, 
and X is chosen firom the group consisting of : 
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• halo atom, 

• (Me-S-), (Me-SO-), (Me-SOj-), and 
•N3-,NH2-,MeS02NH-, 

• alkyl. 

According to a preferred aspect, compounds of the invention may be chosen 

from: 

(3P-fluoro-5P, 20a,22a,25R-spirostane), (3,3-difluoro-5P, 20a,22a,25R- 
spirostane), (3a-methylsulphonylanmio-5p,20a,22a,25R-spirostane), (3a-azido- 
SP, 20a,22a,25R-spirostane), (3a-amino-5P,20a,22a,25R-spirostane), (25-methyl- 
5P, 20a,22a-spirostan-3p-ol). 

According to another preferred aspect, sviitable substituted sapogenins may 
be chosen from those of general formula (TV): 




and their stereoisomers, 

wherdn, with reference to this general formula (IV): 

- the structure of certain sapogenins is as indicated in the Table below: 



Compoimd 


A/Biing 


C25 methyl 


Hydro>qrl group(s) | 




Cis/Trans/ 


stereochemistry ! 


on 




unsaturation 


CRorS) 


Spirostane ring | 


Sarasasapogenin 


Cis 


S . . 


3P-OH 


Smilagenin 


Cis 


R 


SP-OH 


Anzurogenin-D 


Trans 

- 


R 


3P-0H, 5a-OH, 
6P-OH 
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Ruscogenin 



Diosgenin 



Tigogenin 



Sisalgenin 



[ecogenin 



Trans 



Trans 



Trans 



A5 



A5 




10 



15 



20 



25 



and, 

- wherein at least one of the hydroxy groups borne by the molecule core of general 
formula (TV) is substituted by a X radical, 

\;^erein X is chosen from the group consisting of: 

- halo atom, 

• Ole-S-), (Me-SO-), (Me-SOa-), 

• N3-, NH2-, MeS 02NH-, and 

• alkyl. 

Preferentially, suitable substituted sapogenins may be chosen from 
sarsasapogenin, episarsapogenin, smilagenin, epismilagenin, anzurogenin-D, 
wherein at least one of the hydroxy groups borne by the core of these molecules is 
substituted by a X radical, 

wherdn X is chosen from the group consisting of : 

• halo atom, 

• (Me-S-), (Me-SO-), (Me-SOi-), 

• N3-, NH2-, MeSOiNH-, and 

alkyl. 

In the formulae given herein, where the possible substituents are defined in groups 
(e.g. as with R14 and R33) the substituents may be the same or diflferent. As used 
hereabove and hereafter: 

'THalo" means fluoro, cMoro, bromo, or iodo. Preferred, are fluoro, chloro or 
bromo, and more preferred is fluoro. 



"acyl" means a H-CO- or Alkyl-CO- group wherein the alkyl group is as herein 
described. Preferred acyls contain a lower alkyl. Exemplary acyl groups include 
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fonn^ acetyl, propanoyl, 2-methylpropanoyl, butanoyl and palmitoyL 

"-0-acyl" means a H-CO-O- or Alkyl-CO-O- group wherein the alkyl group is as 
herein described. 

"Alkyl" means an aliphatic hydrocarbon group which may be straight or branched 
having about 1 to about 20 carbon atoms in the chain. Preferred alkyl groups have 
1 to about 12 carbon atoms in the chain. Branched means that one or more lower 
alkyl groups such as methyl, ethyl or propyl are attached to a linear alkyl chain. 
^Xower alkyl" means about 1 to about 4 carbon atoms in the chain which may be 
straight or branched. Exemplary alkyl groups include methyl, ethyl, w-propyl, /- 
propyl, /7-butyl, /-butyl, w-pentyl, 3-pentyl. 

The term "pharmaceutical composition" means a composition comprising a 
compound of formula I or n and at least one component selected from the group 
comprising pharmaceutically acceptable carriers, diluents, adjuvants, excipients, or 
vehicles, such as preserving agents, fitters, disintegrating agents, wetting agents, 
emulsifying agents, suspending agents, sweetening agents, flavoring agents, 
perfuming agents, antibacterial agents, antifimgal agents, lubricating agents and 
dispensing agents, depending on the nature of the mode of administration and 
dosage forms. 

'Thannaceutically acceptable" means it is, within the scope of sound medical 
judgemmt, suitable for use in contact with the cells of humans and lower animals 
without vmdue toxicity, irritation, allergic response and the like, and are 
conmiCTSurate with a reasonable benefit/risk ratio. 

"Pharmaceutically acceptable dosage forms" means dosage forms of the 
compound of the invention, and includes, for example, tablets, dragees, powders, 
elixirs, syrups, liquid preparations, including suspensions, sprays, inhalants tablets, 
lozenges, emulsions, solutions, granules, capsules and suppositories, as well as 
liquid preparations for injections, mcluding liposome preparations. Techniques and 
formulations generally may be found in Remington, Pharmaceutical Scimces, Mack 
Publishing Co., Easton, PA, latest editioa 
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Tharmaceutically acceptable prodrugs" as used herein means those prodrugs of 
the compounds useful according to the present invention which are, within the 
scope of sound medical judgment, suitable for use in contact with the tissues of 
humans and lower animals with undue toxicity, irritation, allergic response, and the 
5 like, commensurate with a reasonable benefit/risk ratio, and effective for their 

intended use, as well as the zwitterionic forms^ where possible, of the compounds of 
the invention. The term "prodrug" means compounds that are rapidly transformed 
in vivo to yield the parent compound of the above formula, for example by 
hydrolysis in blood. Functional groups which may be rapidly transformed, by 

10 metabolic cleavage, in vivo form a class of groups reactive with the carboxyl group 

of the compounds of this invention. Because of the ease with which the 
metabolically cleavable groups of the compoimds useful according to this invention 
are cleaved in vivo, the compounds bearing such groups act as pro-drugs. A 
thorough discussion of prodrugs is provided in the following: Design of Prodrugs, 

15 H. Bundgaard, ed., Elsevier, 1985; Methods in Enzymology, K. Widder et al, Ed., 

Academic Press, 42, p,309-396, 1985; A Textbook of Drug Design and 
Development, Krogsgaard-Larsen and H. Bundgaard, ed.. Chapter 5; Design and 
Applications of Prodrugs p. 113-191, 1991; Advanced Drug Delivery Reviews, H. 
Bundgard, 8, p. 1-38, 1992; Journal of Pharmaceutical Sciences, 77, p. 285, 1988; 

20 Chem. Pharm. Bull., N. Nakeya et al, 32, p. 692, 1984; Pro-drugs as Novel 

Delivery Systems, T. Higuchi and V. Stella, Vol. 14 of the ACS. Symposium 
Series, and Bioreversible Carriers in Drug Design, Edward B. Roche, ed., American 
Pharmaceutical Assodation and Pergamon Press, 1987, which are incorporated 
herein by reference. 

25 

*Tharmaceutically acceptable salts" means the relatively non-toxic, inorganic 
and organic acid addition salts, and base addition salts, of compounds of the present 
invention. These salts can be prepared in situ during the final isolation and 
purification of the compounds. In particular, acid addition salts can be prepared by 

30 separately reacting the purified compoimd in its firee base form with a suitable 

organic or inorganic acid and isolating the salt thus formed. See, for example S. M. 
Berge, et al.. Pharmaceutical Salts, J. Phana Sci., 66: p. 1-19 (1977) which is 
incorporated herein by reference. Base addition salts can also be prepared by 
separately reacting the purified compovmd in its acid form with a suitable organic or 

35 inorganic base and isolating the salt thus formed. Base addition salts include 

pharmaceutically acceptable metal and amine salts. 
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Preparation of Compni mds of the Inventinn 

According to a further aspect of the invention, there is provided a process of 
preparation of the compounds of the invention. 

The starting materials for the preparation of conq)ounds of the inventions as 
hereinbefore defined, can be hydroxylated spirostanes, mcluding (but not limited 
thereto) smilagenin, sarsasapogenin, and their stereoisomers, such as epismilagenin 
and episarsasapogenin. Smilagenin, sarsasapogenin, epismilagenin are commercially 
available. Suppliers are v^ell-known fi-om the one skilled in the art and may inchide 
Sigma Aldrich, Research Plus Inc., Steraloids Inc., etc... 
Episarsasapogemn is available as a starting material by Uterature methods 
(Thompson et al JACS 5225 (1959). 

Also, as starting products, unsubstituted sapogenins may occur naturally in a range 
of plant species, notably fi-om the genera Smilax, Asparagus, Anemarrhena, Yucca 
and Agave. The species presently of greatest interest indude Smilax regelii KiHp& 
Morton - commonly known as Honduran sarsaparilla; Smilax aiistolochiaefolia 
Miller - commonly known as Mexican sarsaparilla; Smilax omata Hooker - 
commonly known as Jamaican sarsaparilla; Smilax aspera - commonly known as 
Spanish sarsaparilla; Smilax glabra Roxburgh: Smilax febrifuga - Kunth -commonly 
known as Ecuadorian or Peruvian sarsaparilla; Anemanhena asphodeloides Bunge: 
Yucca schidigera Roezl ex Ortmefi; and Yucca brevifolia Engelm . 

Unsubstituted sapogenins may also occur naturally in other genera, for 
example Dioscorea, Trillium, Solanum, Strophanthus, Digitalis and Trigonella. 
However, some sapogenin derivatives from these sources possess xmdesirable 
properties and are thus not recommended for use in the invention. 

According to a first aspect, substituted compounds of formula (I), wherein 
X and Rj, R2, R3 etc are as hereinbefore defined, may be prepared fi-om the 
corresponding hydroxlyated compound wherein the hydroxy! group has been 
substituted by X as hereinbefore defined. 

The hydroxyl group is activated by conversion to good leaving group such as a 
tosylate, mesylate, triflate or halide (often in the presence of basic aromatic amines), 
followed by displacement of this leaving group with either an azide, methylsulphyl. 
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alkyl or fluoro nucleophile (Scheme 1). 

This reaction is preferably carried out in the presence of protic solvents. 



Conversion of the resultant azido compounds (when the nucleophile is azido) to 
amines is accomplished via a reductive step. The resulting amino group could be 
further reacted with methanesulphonyl chloride to form the corresponding 
methanesulphonylamino compound. Conversion of the metlQ^lsulphyl compounds 
(formed when the reaction of the leaving group above is with the methylsulphyl 
nucleophile) to the methylsulphinyl and metfajdsulphonyl compounds is 
accomplished by oxidative steps. 
Scheme 1: 



The compound thus prepared may be recovered from the reaction mixture by 
conventional work-up/extraction methods followed by purification by 
chromatography and recrystalHsation techniques 

Key intermediates of formula A, may be prepared by reaction of the corresponding 
hydroii^Iated compoimds^ for example smilagenin, with sulphoiqrl chlorides (for 
example methanesulphonyl chloride) or sulphonyl anhydrides (for example 
trifluoromethanesulphonyl anhydride), which are commerdally available, m the 
presence of base (typically pyridine or derivatives thereof). 

Two representative examples of the preparation of intermediates A of the invention 
are spedfically described in the experimental part (see examples 1-2). 

Two representative examples of the nucleophilic attack on key intermediates A are 
described in examples 3-4. 




R-OH 



Key interaiediate A 



A representative example of the reduction of the azide group formed by 
nucleophiUc attack on key intermediate A is described in example 5, 
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A representative example of the formation of methanesulphonylamino compounds 
from the corresponding amine is described in exanq>le 6. 



Alternatively, according to a second aspect, substituted compounds of 
formula (T), wherein X and R], R2, R3 etc are as herearibefore defined, may be 
prepared from may also be prepared from the corresponding keto compounds. 
The corresponding keto compounds are themselves prepared by oxidation of the 
corresponding hydroxylated compound. Nucleophilic attack on the sp2 centre of 
the carbonyl with a variety of nucleophiles including alkyl results in the X group 
being introduced along with a tertiary alcohol which may eliminate to afford a 
double bond (Scheme 2). 
Scheme 2: 




X 



Compounds of formula (I), wherein X, Ri, R2, R3 etc are as hereinbefore defined, 
where there are two fluoro atoms attached at one carbon centre can be formed by 
reaction of the corresponding keto compound with SF4, SeF4 or more commonly 
dialkylaminosulpur trifluoride compounds (eg (dimethylamino)sulphur trifluoride, 
DAST). 

A representative example of the preparation of one such compound is desaibed in 
the experimental part (see example 7), 

Methods for the mtroduction of alkyl substitutents in addition to those mentioned 
above include the reaction of copper lithkmti alkyl reagents with a,p unsaturated 
ketones via a Michael type 1,4 addition. 

A representative example of the general methodology for the introduction of a C25 
methyl group to smilagenin (or its derivatives such as sarsasapogenin) is described 
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in ^cample 8. 



According to a further aspect, compounds of the invention may be prepared 
5 by intercbnversion of other compounds of the invention. 

Examples of the conversion of compoimds of formula (T), wherein X, Rj, R2, R3 
etc are as hereinbefore defined, to the correspondmg compounds of formula (SI) and 
formula (HI) have been reported by others (for example Marker et al JACS, 846 
(1939), WaH et al JACS, 340 (1955), Wall et al JACS 3086 (1955)). 

10 

In general terms, steps of the process of the invention may be carried out by 
application or adaptation of known methods, by which is meant methods used 
heretofore or described in the literature, for example those described by R C. 
Larock in Comprehensive Organic Transformations, VCH publishers, 1989. 

15 In the reactions described h^einafter it may be necessary to protect reactive 

functional groups, for example Itydroxy or carboxy groups, where these are desired 
in the final product, to avoid their unwanted participation in the reactions. 
Conventional protecting groups may be used in accordance with standard practice, 
for examples see T,W. Green and P.G M.Wuts in "Protective Groups in Organic 

20 Chemistry" John Wiley and Sons, 1991; J. F. W. McOmie in "Protective Groups in 

Organic Chemistry" Plenum Press, 1973. 

The compound thus prepared may be recovered firom the reaction mixture 
by conventional means. For example, the compounds may be recovered by distilling 
off the solvent fi-om the reaction mixture or, if necessary after distilling off the 

2 5 solvent firom the reaction mixture, pouring the residue into water followed by 

extraction with a water-immiscible organic solvent and distilling off the solvent 
jfrom the extract. Additionally, the product can, if desired, be further purified by 
various well techniques, such as recrystallization, reprecipitation or the various 
chromatography techniques, notably column chromatography or preparative thin 

3 0 layer chromatography. 

According to a fijrther aspect of the present invention, there is provided a 
pharmaceutical con^)osition having cognitive fiinction enhancing properties which 
comprises an effective amount of a substituted sapogenin of the invention. 

35 

In a still further aspect, the substituted sapogenins of the present invention 
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are steroidal; they are preferably non-oestrogenic in effect. 

In another aspect, the invention provides a pharmaceutical composition 
having cognitive function enhancing properties which comprises an effective 
amount of a substituted sapogenin of the invention in the form of a compound 
prepared from an extract derived from a plant of the genus Smilax, Asparagus, 
AnemarrhCTia, Dioscorea, Yucca or Agave. 

The invention further provides the use of an extract of a plant of the genus 
Smilax, Asparagus, Anemarrhena, Dioscorea, Yucca or Agave in the preparation of 
a pharmaceutical composition according to the invention. 



It will be appreciated that the invention embraces within its scope the use of 
the compositions defined above. Thus, according to a fiirther aspect, the present 
1 5 invention provides a method of enhancing cognitive fonction which comprises 
administering to a human or animal an effective dosage of a composition of the 
invraition. 



The invention also provides a method of enhancing cognitive function in a 
human or non-human animal, which comprises administering an effective dose of 
substituted sapogenins of the invention. 

As used herein, the term "cognitive ftmction" refers to functions such as 
thinking, reasoning remenibering, imagining and learning. 

According to a fiirther aspect, the invention also relates to composition 
having cognitive function enhancing properties which comprises at least two, 
preferably two, substituted sapogenins of the invention. 

3Q According to a stiU fiirther aspect, the invention also concerns the use of 

one or more of the said derivatives of the invention in the manufacture of a 
foodstuff or beverage to have cognitive fimction enhandng effect when ingested. 
The said foodstuff or beverage comprising an effective quantity of one or more of 
the said derivatives of the invention to have cognitive fimction enhancing effect 

3 5 when ingested, is also part of the present invention. 
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In identifying compounds that would have use in the treatment of SDAT and 
other diseases characterised by reductions in receptor numbers or synaptic 
transmission, the inventors have given consideration to the need to identify 
compounds that would have the desired effect but would be devoid of any 
oestrogenic effects, as these would be unacceptable, particularly in male patients, A 
number of the compounds claimed to have activity in patent application DE 
4303214A1 have marked oestrogenic activity and are therefore unacceptable. 
Preferably, substituted sapogenins of the present invention however, do not display 
oestrogenic activity. In adcUtion these compounds were tested at other steroid 
receptors and were found to have no activity at any of the following receptors: 

Progesterone 

Glucocorticoid 

Testosterone. 

In order to illustrate the invention further by way of non-limiting example, 
reference will now be made to the accompanying drawing and to the Example 
which foUows; in the drawings: 

FIGURE 1 illustrates a hypothetical mode of action for sapogenin 
derivatives; 

Referring to Fig. 1, a diagrammatic representation of the fimction of 
sapogenin derivatives of the invention is shown. It is believed that substituted 
sapogenins act primarily on cell nuclei; the invention is not, however, limited to any 
particular mode of action. The observed increase in muscarinic receptor number 
consequential upon administration of sapogenin derivatives is interpreted as leading 
to increased expression of muscarinic receptor protein. The possible link between 
the secretases and P-amyloid protein formation (discussed above) is indicated in the 
drawing. 

Preparation of the compounds of the invention 

The following ^camples are provided to JUustr^e the process of preparation 
of the invention in a non-limiting manner. 

Example 1 : 3p-Meil:hylsulfonylosy-5p,20a,22a,2SR-spirostafli 
Methanesulfonyl chloride (1.83g, 16.0 nunol) was added to a solution of smilagenin 
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(S.O g, 12.0 mmol) in dry pyridine (40inl). The mixture was heated on a steam bath 
for 10 min, allowed to stand overnight at room temperature and then poured onto 
ice-water (80 ml). Trituration gave an off-white solid, which was removed by 
filtration and washed with water. This material was dried in a vacuum dessicator 
5 over CaCi2 to give 5.70g.of crude product (used as such in the reactions described 

below). A sample (LOg) was recrystallised firom aceitone (2x) to give 340mg of the 
above mesylate as a white powdery solid, mp 135-137 O C. m/z 494 (M^ for 
C28H46SO5); Rf 0.4 (silica, ethyl acetate-hexane, 1:4) 

10 Example 2: 3a-trifluoromethanesulphonoxyl-5P,20a,22a,25R-spirostane 

A solution of trifluoromethanesulphonic anhydride (0.41 ml) in anhydrous 
dichloromethane (DCM, 3.5 ml) was added dropwise over 30 min to a solution of 
epismilagenin (0.7 g, 1.68 mmol) in anhydrous DCM (10 ml) and anhydrous 
pyridine (0.24 ml)that had been cooled to O^C. The reaction was stirred at O^C for 
15 1 h whereupon DCM (100 ml) was added. The solution was washed with saturated 

sodium bicarbonate solution (50 ml) , dried (MgS04), filtered and evaporated in 
vacuo to afford 3a-trifluoromethanesuiphonoxyl-Sp,20a,22a,25R-spirostane as a 
yellow solid (2 g). 

20 Example 3: 3a-Azido-5p,20a,22a,25R-spirostan (3-azido-3-deoxy- 

epismilagenin) 

3p-MethylsulfonyIoxy-5P,20a,22a,25R-spirostan (see example 1 - l.Og, 2.02 
mmol) was dissolved in DMPU ( N,N'-dimethylpropyleneurea, 12 ml) and sodium 
aade (1.0 g, 15.4 mmol) was added. The mixture was stirred at 40-45 O C for 48h 

25 then partitioned between water (50 ml) and ether (50 ml). The aqueous layer was 

extracted with ether (4x), the combined organic phases washed with water and 
dried over MgS04. The solvent was removed in vacuo to give an oily solid (l.Og). 
Trituration in ether-hexane and recrystallisation firom acetone gave 620 mg of the 
above azide as white crystals, 

30 mp 153-156 OC 

m/z 441 (M^ for C27H43N3O2). v ^ax (m^) 2091 cm-1 . 6h (270MHz, 
CDCI3) 0.75 (3H, s, 18-Cai3), 0.80 (3H, d, 6.2 Hz, 27-CH3), 0.95 (3H, s, 19- 
CH3), 0.97 (3H, d, J = 6.9 Hz, 2I-CH3), 1.0-2.05 (27H, complex m, aliphatics), 
3.2-3,5 (3H, complex m, H-26, 

35 H-3), 4.39 (IH, br dd, J = 6.4, 8.5 Hz, H«16). 6c (270 MHz, CDCI3) 14.5, 16.4, 

17.1, 20.6, 23.5, 26.6, 26.7, 27,0, 28.8, 30.3, 31.4, 31.8, 32.5, 34.8, 35.5, 35.6, 
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40.1, 40.6, 41.6, 42.3, 56.2 (C-14), 61.2 (C-l? or C-3), 62.3 (C-3 or C-17), 66.9 

(C-26), 80.9 (C-16X 109.2 (C-22). 

Rf 0.8 (silica, ethyl acetate-hexane, 1:19) 

Example 4: 3P-trifluoromethanesulpho]ioxyl-5p,20a,22oe,25R-spirostane 

3a-trifluoromethanesulphoiioxyl-5p,20a,22a,25R-spirostane (see example 2 - 2 g) 
was dissolved in dry DCM (1 1 ml) to which was added tetrabutylammonxum 
fluoride (1 M in THF, 8.4 ml). The reaction was heated at reflux for 1.5 h, cooled, 
and diethyl ether (150 ml) added. The solution was washed with brine (2 x 30 ml), 
dried (MgS04), filtered and evaporated in vacuo to afiFord crude 3P-fluoro- 
5p,20a,22a,25R-spirostane (3 g) as an orange semi-solid material. Purification by 
column chromatography using DCM/petroleum ether (1 :4) as eluant afforded the 
desired product (353 mg). Recrystallization fi-om acetone afforded 3p-fluoro- 
5p,20a,22a,25R-spirostane as a white solid (92.7 mg) TLC: (Silica gel) 
20%EtOAc/petrol Rf 0.57; melting point: 166-1670C; nmr spectrum 
(CDCI3, 270 MHz): partial data 4,85 (IH d, oMS.Hz), 4.40 (lH,q), 3.50 (lH,dd) 
3.40 (lH,t), 0.98 (3H,s), 0.95 (3H,d), 0,80 (3H, d), 0.75 (3H,s) ppm; 13c nmr 
spectrum (CDCI3, 68 MHz): 109.26, 90.00 (/= 250 Hz), 80.87, 66.85, 62.25, 
56.46, 41.59, 40.69, 40.26, 39.96, 36.84, 35,22, 34.94, 31.77, 31.38, 30.15, 29.69, 
28.79, 26.38, 26.20, 26.13, 25.80, 23,68, 20.92, 17.10, 16.46, 14.48 ppm; l^p nmr 
spectrum (CDCI3, 254 MHz): 40.0 ppm; LRMS; M+419, M-HF 399 

Example 5: 3a-5p,20a,22a^5R-spirostane^3-ainuie 

At room temperature, cobalt (II) bromide (15 mg, 0.67 mmol) was added to dry 
ethanol (30 ml), making a light blue solution. 2,2'-dipyridyl (30 mg, 0.19 mmol) 
was added, and the solution became orange and then yellow. After adding sodiimi 
borohydride (0.16g, 4.2mmol) the solution was dark blue. The 3a-azido- 
5p,20a,22a,25R-spirostan (1.40g, 3.2 mmol) was added slowly (slight exothermic, 
steady effervescence) with stirring. After 2h more stirring the mixture was allowed 
to stand overaight. It was then quenched with acetic add until no bubbling was 
observed with fijrther addition (the pH was 7.0-7.5). The mixture was concentrated 
in vacuo, the residue partitioned between ether and water and the aqueous layer 
extracted (3x) with ether. The combined extracts were washed with water and dried 
over MgS04. The solvent was removed in vacuo to give an off-white waxy solid 



(0.63g). 
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Example 6 : 3a-methylsuIfonylammo-SP,20c^22ce,25R-spirostaae 

Methanesulfonyl chloride (0,46g, 4.0 mmol) was added dropwise to a stirred 
solution of 3a-5p,20a,22o£,25R-spirostane-3-amine (0.55g, 1.32 mmol) in dry 
pyridine (15 ml). The mixture was heated on a steam bath for 10 min and then 
5 stood at room temperature overnight. Most of the pyridine was removed in vacuo, 

the oily residue partitioned between water (50 ml) ajid ether (50 ml) and the 
aqueous layCT further extracted with ether (2x). The combined organic phases were 
washed with water and dried over MgS04. The solvent was removed in vacuo to 
give a tan solid (0.5 Ig). Recrystallisation from acetone (2x) gave 0.27g of the 

10 above sulfonamide as white crystals, mp 201-204 O C. 

m/z 493 (M^ for C28H47NSO4). 6h (270MHz, CDCI3) 0.75 (3H, s, I8-CH3X 
0.79 (3H, d, J= 5.9 Hz, 27-CH3X 0.95 (3H, s, I9-CH3), 0.96 (3H, d, J= 7.3 Hz, 
2I-CH3), 1.0-2.05 (27H, complex m, aliphatic H), 2.98 (3H,s, SMe), 3.20-3.55 
(3H, complex m, 26-OCH2, H-3), 4.40 (IH, br dd, J= 7.4, 8.9 Hz, H-16), 4.58 

15 (IH, brd, 7.3 Hz, NH, exchang.). 5c (270 MHz, CDCI3) 14,5, 16.4, 17.1, 

20.6, 23,5, 26,6, 26.9, 28.8, 29,2, 30.3, 31.4, 31.8, 34.6, 35.0, 35.4, 35.9, 40.1, 
40.6, 40.7, 41.6, 42.1, 42.5, 54.1 (C-3), 56.3 (0-14), 62,3 (C-17), 66.8 (C-26), 
80.9 (C-16), 109,2 (C-22); Rf 0.3 (silica, ethyl acetate-hexane, 1:3) 

20 Example 7 : 3,3 difluoro-5p,20a,22a,25R-spirostane 

To a solution of smilagenone (200 mg) in trichlorofluoromethane (10 ml) and DCM 
(5 ml) at QOC was added slowly (diethylamino)sulphur trifluoride ODAST, 80 mg). 
The reaction was stirred at room temperature overnight. Water was careftdly added 
to quench the reaction followed by DCM. The organic layer was washed with 

25 water, dried (MgS04) filtered and evaporated in vacuo. The crude material was 

purified by column chromatography using ethyl acetate/petroleum ether (1:19) as 
eluent to afford 3,3 difluoro-5|3,20a,22a,25R-spirostane as a white powder, TLC: 
(siUcagel) 10%Et) Ac/petrol RfO.45; melting point: 195-1 970C; iHnmr 
spectrum (CDCI3, 500 MHz): 4.40 (lH,q) 3.50 (lH,dd), 3.40 (lH,t), 1.0 (3H,s), 

30 0.98 (3H,d) 0.80 (3H,d)0.78 (3H,s); 13c nmr spectrum (CDCI3, 125 MHz): 

109.27, 80.83, 66.89, 62.25, 56.29, 41.66, 40.69, 40.10, 39.96, 35.10, 34.72, 
34.50, 34.18, 32.95, 31.77, 31.41, 30.30, 29.71, 29.32, 28.83, 26.31, 26.01, 22,81, 
20,88, 17.14, 16.46, 14.52 ppm. 



35 



Example S: 

Sarsasapogenin or smilagenin were oxidized using a mixture of sodium nitrite, 



I I 
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boron trifluoro etherate and acetic acid to form the corresponding 23 keto-3-acetate 
compounds. Reaction with either chloranil or 2,3-dichloro,5,6-dicyano-l,4- 
benzoquinone (DDQ) a£ford the same 24,25 imsaturated ketone, which when 
reacted with lithium dimethyl copper in a Michael reaction affords, after 
5 deprotection, 25-methyl-5 p,20a,22a-spirostan-3 P-ol. 



Substituted s^ogeimis of the present invenion have also been tested for 
activity in a number of in-vitro assays. The assays/experiments that were considered 
10 of key importance in determining possible activity in the elevation of membrane 

bound receptor numbers were as follows: 

Chinese hamster ovaiy (CHO) cells transfected with the a DNA fragment 
coding for a muscarinic receptor. The cell line used for the majority of the 
1 5 experiments was a cell line e?qpressing the m2 receptor. 

The methods and the results of these e7q)eriments are now described in turn. 

CHO cell line experiments 
20 The effects of various compounds on the expression of m2 receptors on CHO cells 

transfected with DNA for the m2 receptor were investigated. Receptor numbers 

were assayed using tritiated QNB binding and subtracting non-specific binding. 

Compounds were dissolved in DMSO and DMSO was used as a control. 

Compoxmds were tested at a range of final concentrations. Compounds were also 
25 tested in the presence and absence of tamoxifen to try to distinguish an oestrogen 

receptor mediated mechanism. 

The results are summarised in the Table 1 below. 



30 



Table 1. EflEects of substituted sanog enins on the eypresjsipn of m^ receptors on 
CHO ceUs 
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3a-metiiylsulplionylainino-^ p,20(x,2ia,Z3iK- 
I spirostane 



a,22a-spirostan-:j Ij-of 



Active 



3 a-a2ido-6|j, 20a.22a,2bK-spirostane | Acaw 

3a-aimno-6B.20a,22a,2!)k-spirostane | Active 

I 25-methvl-5B.20(X,22a-spirostan-3H-ol I Active 



"active" means increase over the control, "inactrve" means same effect as control. 

IQ Thus the experiment indicates that several of the substituted sapogenins of 

the invention were able to increase the number of muscarinic receptors ejqiressed on 
the surface of CHO ceUs cultured m-vitro. The effect was not antagonised by 
tamoxifen, indicating that the mechanism involved <Ud not involve the oestrogen 
receptor. 

15 

It is speculated here that the effect of the active compounds claimed in this patait 
may operate through an effect on G protein and that the effects on receptor 
numbers are secondary to aa effect on G-protein. When a membrane bound G- 
protein linked receptor is stimulated two basic sets of events are initiated: the 

20 effecter response; and the intemalisation of the receptor. The subsequent processing 
of the receptor to the state where it is again in a form on the cell surfece or other 
mranbrane surfiw» where it can interact with another receptor ligand appears to be 
subject to a number of fectors. A number of these fkctors or mechanisms appear to 
be G-protein linked. There is evidence that activation of receptors may have an 

25 effect on G-protein expression or levels. It is speculated that the actions of the 

compounds described in this patent may due to an interaction in the processes of 
receptor regeneration, G-protein linkage or G-protein homeostaas. 

An ahemalive Iq^jothesis is that the compounds are increaang the ^thesis 
30 or release or a decreased rate of degradation of neurotropic factors such as brain 
derived growth fector and/or nerve growth factor. These effects on growth fectors 
might be due to an effect of the compound on a cytosohc or nuclear receptor or the 
binding of a compound to a promoter region wiji a consequent effect directly on 
the rate of production of mKNA for the growth factor or as a consequence of 
35 increasing the production of another material ftctor such as G-protein or finally the 
effects may be secondary to an effect on receptor or G-protan procession. 



The increased expression and/or abnormal processing of the amyloid 
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precuTSor protein (APP) is associated with the formation of amyloid plaques and 
cerebrovascular amyloid deposits which are the major morphological hallmarks of 
Alzheimer's disease. Of particular interest are the processes regulating the 
proteolytic cleavage of APP into amyloidogenic and nonamyloidogenic fragments. 
The cleavage of APP by the enzyme a-secretase within the P-amyloid sequence of 
the protein results in the formation of a non amyloidogenic C-Terminal fragment, 
and the soluble APPsa fragment; this latter fragment has been shown to have 
neurotropic and neuroprotective activity as well as to enhance memory in mice 
when injected intra-cerebro-ventrically (ICV). In contrast, processing of APP by P- 
secretase exposes the N-terminus of P-amyloid which is released by y-secretase 
cleavage at the variable C-terminus. The resulting p-amyloid peptides, which 
contain 39-43 amino acids, have been shown to be neurotoxic and to accumulate in 
plaques which interfere with inter-neurone connections. 

A number of studies have shown that stimulation of the protein-kinase 
(PKC) linked muscarinic Mi and M3 receptors results in an increase in a-secretase 
activity. As a consequence processing of APP to APPsa with its neuroprotective 
effects is increased. In parallel, processing of APP by P- and y-secretase is 
decreased and there is a consequential reduction of P-amyloid. Other transmitters 
such as nerve growth factor (NGF) and brain derived neurotropic factor (BDNF) as 
well as bradykinin and vasopressin may have similar effects in increasing the 
proportion of APP processed to APPsa, There may be a number of &ctors involved 
in the effects of NGF which may include binding of the fector to the tyrosine kinase 
receptor (TrkA) and the stimulation of phospholipase Cy with subsequent 
phosphorylation and activation of protem kinase C (PKC) and increase m relative 
activity of a-secretase. 

Any treatment which increases activity of protein-kinase C selectively in 
brain might therefore be expected to be of use in the management of Alzheimer's 
disease: Until recently agonists selective at the Mi receptor have not been available. 
Non-selective agonists would be expected to stimulate pre-synaptic M2 receptors 
which cause negative feedback and hence would ftirther severely impair muscarinic 
transmission. Selective agonists at the Mi receptor are now becoming available 
(talsacUdine) and such agents are under investigation for the treatment of AD. 
There is however, a substantial risk that, as with the chronic administration of any 
receptor agonist, the clinical benefits seen will be severely limited in terms of the 
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size of benefit by reducing receptor numbers or redudng sensitivity and in terms of 
side eflfects due to lack of receptor spedficity. Thus compounds as described in this 
invention, which selectively increase muscarinic Mi receptor numbers, with little or 
no effect on muscarinic M2 receptor numbers in the brain would be e?cpected to be 
devoid of the problems seen with a muscarinic agonist and hence have particular 
utility. Indeed the benefits may be seen in three parts as follows. 

1 . A selective increase in Mj receptor numbers leading to increased synaptic 
transmission. Chronic administration of a selective agonist will, at best, have no 
adverse effect on transmission; 

2. Secondary to the mcreased receptor numbers, an increase stimulation of PKC 
with a consequential increase in a-secretase activity, leading to: 

2.1 A reduced production of P-amyloid and a consequent reduction of plaxjue 
formation and neuronal loss; 

2.2 An increase in APPsa and a consequent improvement in cerebral function as 
witnessed by an improvemrat in short and long term memory. 



The following Example is provided to illustrate fiirther the invention in a 
non-linoiting manner. 

In a CHO cell line expressing recombinant human muscarinic receptors in vitro, the 
number of muscarinic receptors tends to decline with time. Substituted sapogenins 
of the invention (1-10//M) incubated for 72 hours increase muscarinic receptor 
density. 

Methods: 

Effect of substituted sapogenms of the invention on muscarinic receptor density in 
CHO cells expressing recombinant human muscarinic receptors. 

Chinese hamster ovary (CHO) cells expressing high levels of receptor (-2,2 pmoles 
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receptor/mg protein) were cultured in flasks (150 ml) for 24 hours before the start 
of the experiment. Vehicle (DMSO) and substituted sapogenins (at 1 and 10 f^M) 
were added to the medium for 48 h. The culture medium was discarded, the cells 
scraped off and resuspended in Hanks solution, centrifuged and m-receptor levels 
determined by incubating with pH]-QNB for 30 min followed by liquid scintillation 
counting. Protein levels were determined by a micro Lowiy method. 

Results: 

Over the culturing period treatment with substituted sapogenins of the invention 
prevents the decrease in muscarinic receptor number in a concentration-dependent 
manner. 
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CLAIMS; 

1. Sapogenin derivatives bearing at least one X radical, 
wherein X is chosen from the group consisting of : 

• halo atom, 

• (Me-S-), (Me-SO-), (Me-SOi-X 

• N3-, NHr, MeS02MI-, and 

• alkyl. 

2. Substituted sapogenins of claim 1, wherein at least one OH-group of the 
sapogenin is substituted by X, chosen from the group consisting of : 

• halo atom, 

• (Me-S-), (Me-SO-), (Me-SO^), 
■ NH2-, MeSOjNH-, and 

• alkyl. 

3. Substituted sapogenins of claim 1 or 2 chosen from the compounds of 
general formula (I): 




a) 
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and their stereoisomers and racemic mixtures, their pharmaceutically acceptable 

pro-drugs and salts, 

wherein in the general formula (I): 

- Rj, R2, R3, R4, R5, R7, Rs, Rioj Ri3j Ri8> ^225 ^26> ^2Si 

R30, R31, R32, R34, R35, are, independently of each other, either H, OH, =0, and OR 
where R = allqd or acyl group or absent; 

- R9, Rii, Ri2, Ri5, Ri7» R25 are either aH, OH, OR where R= allqd or acyl 
group or absent; 

- R33 , Ri4 = H, alkyl group, OH, O or OR where R = alkyl or acyl group or 
absent, 

represents an optional double bond, and 

wherein in addition to the above 

at least one of the Ri, R2, R3, R4J ^> ^> I^7» ^> ^> ^lo* ^12* ^14, ^15? ^i6> 

^179 Rl8, 1^213 ^22* ^23* ^24* ^25, ^^6> ^ZTj ^2i9 ^30* ^31* ^32* ^35 IS a X 

radical, 

wherein X is chosen from the group consisting of : 

• halo atom, 

- (Me-S-), (Me-SO-), (Me-SOj-), 

• N3-, NH2-, MeSOjNH-, and 

alkyl. 

4. Substituted sapogenins of claim 3, wherdn in the general formula (J): 

- Rl, ^2? ^3* ^4* ^5* R«> RlO> Ri3j ^18. ^ZU ^22* ^24* ^26* ^28? ^29, ^30* 

R31, R32» R34> R3S. are, mdependently of each other, either H, OH, =0, and OR where 
R = alkyl or acyl group or absent; 

- R9, Ri2j Ri5» Ri6> ~ H> 

- Rii, R25, are either a H, OH, OR where R = alkyl or acyl group or absent; 

- R33, Ri4 = H, alkyl group, OH, =0 or OR where R = alkyl or acyl group or 
absent, 

represrats an optional double bond, and 

wherein in addition to the above 

at least one of the Ri, R2, R3, R4. ^s* ^ R?* Rio> Ri3.Ri4» Ris^^zu ^22^ ^23^ ^24* 

R26> ^27? ^28? ^29. ^30? ^31* ^32* ^33, ^34* ^35 iS a X radlcal, 

wherein X is chosen from the group consisting of : 

• halo atom. 
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• (Me-S-), (Me-SO-), (Me-SOz-), 

• N3-, NH2-, MeSOJSIH-, and 

alkyl. 

5 5. Substituted sapogenins of claim 3 or 4, wherein in the general formula (I): 

-Ri= Rfi= Rg= Rio=Rii= I^"^ ^12" ?-i3r Ris ~ Rie R17 ~ ~ 

Rzi^^^ J^4~ ^25^ ^26^^ ^27" J^"^'^ ^30^ ^31" ^32^ ^33 ~ ^34 ~ ^35 " H 
-Rl4 = CH3, 

represents a single bond, 

10 - the methyl group at C25 is either in the R or S configuration and 

at least one of R3 or R23 is a X radical, the possible remaining substituent being H, 
OH, =0, and OR where R = alkyl or acyl group or absent, 
and X is chosen from the group consisting of : 

• halo atonti, 

15 • (Me-S-), (Me-SO-), (Me-SOj-), and 

• N3-, NH2-, MeSGjNH-, and 

• allcjd 

6. Substituted sapogenins of any of claims 3 to 5, wherein in the general 
20 formula (I): 

-Ri= R2= R4= R5= R^= R7= Rg= Rio=Rii= Ri2~ ^13" ^15 ~ ^i? ~ ^is ~ 

^24^ ^25"^ ^TiT" 1^7^ R28"^R29~ '^o'^ ^31~ ^^2~ ^^4 ~ ^5 ~ H» 

-Ru = R33 = alkyl, 

represents a single bond, 

25 at least one of R3 or R23 is a X radical, the possible remaining substituent being H, 

OH, =0, and OR where R = alkyl or acyl group or absent 
and X is chosen from the group consisting of : 

• halo atom, 

• (Me-S-), (Me-SO-), (Me-SOj-), and 
30 • N3-, NHi-, MeSO^NH-, and 

- alkyl 

7. Substituted sapogenins of claim 1 or 2 chosen fix}m the compounds of 
general formula (II): 

35 
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5 



10 




n 

15 



their stereoisomers and racemic mixtures, their pharmaceutically acceptable pro- 
20 drugs and salts, 

wherein in the general formula (II): 

- Rj, R2, R3, R4, Rs* ^> ^> ^10> Rl3» ^18* ^20* ^229 ^28* 

R29, R30, R31, R32, ^34* 1^5. are, independently of each other, either H, OH, =0, and 

2 5 OR where R = alkyl or acyl group or absent; 

- Rs^ R„, R12, Ri5, R16, Ri7. Rijb R25 are either a H, OH, OR where R = alkyl or acyl 
group or absent; 

- R33 , Ri4 = H, alkyl group, OH, =0 or OR where R = alkyl or acyl group or 
absent, 

30 represents an optional double bond, and 

wherein in addition to the above 

at least one of the Rj, Rj, Rj, R4, R5, R^, R7, Rg*.!^, Rio» Riu Ri2> R13, Ri5» Ri6> 

Rl7, Ri8,Ri9, Rio* Rai> ^22* R231 ^24* ^25, ^26? ^27* R28> ^29, ^30* ^SU ^329 ^33, ^34* ^35 

is a X radical, 

3 5 wherein X is chosen jfrom the group consisting of : 

• halo atom. 
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• (Me-S-X (Me-SO-X (Me-SOj-), 

• N3-, MeSOjNH-, and 

• alkyl. 

8. Substituted sapogenins of claim 7, wherein in the general formula (D) 

- Ri, R3, R4, R5, Rfi, R7, Rs, Rio, Ri3, R18. R2i> R23, R26, ^27, R30, 
R31, R32. R34» R35, are, independently of each other, either H, OH, =0, and OR where 
R = alkyl or acyl group or absent; 

- R9, Ri2» Rl59 Rl6> Rl7 ^ ^ 

- R2o= either H, OH, =0, and OR where R = alkyl, acyl or carbohydrate and 

- Rii, Ri9> R25, are either a H, OH, OR where R = alkyl or acyl group or absent; 

- R33, Ri4 = H, alkyl group, OH, =0 or OR where R = alkyl or acyl group or 
absent, 

represents an optional double bond, and 

wherein in addition to the above 

at least one of the R^, R^, R3, R4, R5, R«, R;* Ra^ Rio» Ri3,Ri4> Ri8,Ri9» R2o» Rzi* 
R23, R24, R26, R27, R28, R29. R30, R31, R32, ^3. R34, R35 is a X radical 
wherein X is chosen from the group consisting of : 

• halo atom, 

• (Me-S-), (Me-SO-), (Me-SO^), 

• N3-, NHj., MeSOjNH-, and 

alkyl. 

9. Substituted sapogenins of claim 7 or 8, wherein in the general formula (II): 
-Rl= R2= R4= R5= R6= R7= R«= RlO=Rll= ^12= Rl3== Rl5 = R16 = Rl7 = R18 = 

R21== R22= R23= ^25= R^^^ 

.Rl, = CH3, 

- R2o= -OH or -OR where R ^ alkyl, acyl or carbohydrate and 
Ri9=Hor is absent 

represents an optional double bond, and 

- the methyl group at C25 is either in the R or S configuration and 
wherein in addition to the above 

at least one of R3 or R23 is a X radical, the possible remaming substituent being H, 
OH, =0, and OR where R = alkyl or acyl group or absent, 
and X is chosen from the group consisting of : 

• halo atom. 
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OVIe-S-), (Me-SO-), (Me-SOj-), and 
N3-, MeSOJSIH-, and 
alkyl. 



10. Substituted s^ogenins of claim 7 or 8 , wherein in the general formula (IT): 

-Rl= 114== R«= B^— RfT RlO~^il" Rl3~ ^15 ^16 " ^^17 " R18 ^ 

R21" ^22= R^s" ^24" ^^25^^ ^^iW^ ^^"^^29^ ^31" ^34 ~ -^35 ~ H, 

-Ri4 = R33 = alkyl, 
10 - R2o= -OH or -OR where R = alkyl, aq^l or carbohydrate and 

Ri5 = H or is absent 

represents an optional double bond, and 

wherein in addition to the above 

at least one of R3 or R23 is a X radical, the possible remaining substituent being H, 
1 5 OH, =0, and OR where R = alkyl or acgrl group or absent, 

and X is chosen from the group consisting of : 

• halo atom, 

• (Me-S-), (Me-SO-), (Me-SOj-), and 

• N3-, NH2-, MeSOjMI-, and 
20 • alkyl. 

1 1 . Substituted sapogenins of claim 1 or 2 chosen from the compounds of 
general formula QU): 



25 



30 



R17R19 K2^\ 
RoQ Rs Ri>/ V 





^24 F4 R5 



35 



CM) 
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and their stereoisomers and racemic mixtures, thdr pharmaceutically acceptable 
pro-drugs and salts, 

- Ri, R2, R3, R4, R5, R6, R7, Rio, Rl3, R18, Rl9. R23> R24> ^26, ^27, ^28. 

R29, 1^5. R36, R37 are, independently of each other, either H, OH, 

5 =0, and OR where R = alkyl or acyl group or absent; 

- R9, Ru, R12. Ru Ri5, R16, Rn, R25, R33 canbe eith^ aH, OH, OR where R = alkyl 
or acyl group or absent; 

- R33 , Ri4 = H, alkyl group, OH, OR where R = alkyl or acyl group or absent, 

represents an optional double bond, and 
10 wherein in addition to the above 

at least one of the Ri, R2, R3, R4, R5, R^. R7, Rg. R9. Rio. Rib Ri2> Ri3,Ri4.Ri5. R16, 

Ri7, R18, Rl9, RZO R21, R22> R23> R24> ^25, ^26. ^TH^ R28, R29, R30, R3I, R32, R33, R34> R35 

R36, R37 is a X radical, 

wherein X is chosen from the group consisting of : 
15 • halo atom, 

• (Me-S-), (Me-SO-), (Me-SO^-). 

• N3-, NH2-, MeSOjNH-, and 

• alkyl. 

20 12. Substituted sapogenms of claim 1 1, wherdn m the general formula (HI) 

. Ri, R2, R3, R4, R5, R6, R7, Rs. Ri<b Ri3» RiB^ Ri9.R2i3 R22, Rza* Rw, R26, R27, R29, 

R30, R31. R32> R34> R35,R3€.R37are, independently of each other, either H, OH, =0, 
and OR where R = alkyl or acyl group or absent; 

- R9, R12, R159 R165 Rl7 ^ ^ 

25 - R20 = H, OH, =0, and OR where R = alkyl, acyl or carbohydrate and 

- Ru, R25, are either a H, OH, OR where R = alkyl or ac>d group or absent; 

- R33 , Ri4 = H, alkyl group, OH, OR where R = alkyl or acyl group or absent, 
represents an optional double bond, and 

wherein in addition to the above 
30 at least one of the Ri, R^, Rs* R4, Rs* Re* Rr^ R«» Rio» Ri3,Ri4. Ri8,Ri9. R20. R2i> ^ 

R23, R^4, R26, R27, R28, R29, R30, R31, R32, R33. R34, R35 R36.R37is a X radical, 
wherein X is chosen from the group consistmg of : 

• halo atom, 

• (Me-S-), (Me-SO-), (Me-SO^-), 
35 • N3-, NH2-, MeSO^NH-, and 

alkyL 
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13 . Substituted sapogenins of claim 1 1 or 12, wherein in the general formula 

on): 

-Rl= Rfi^ I^8~ RlO^Rll"^ ^12^^ -^i3~ ^^15 ~ ^16 ~ 1^17 ~ ^18 ~ 

^21^ ^22~ ^23^ ^24^^ ^25^ ^26^^ I^27~ R28~I^29~ ^So"^ ^31~ ^32^ ^33 " -^34 ~ ~ H 

-R,, = CH3, 

- 1^20= -OH or -OR where R = alkyl, acyl or carbohydrate and 

Ri9 = H or is absent 

R37=H,-OHor=0 

R3«=Hor-OH 

represents a single bond, and 

- the methyl group at C25 may be either in the R or S configuration and 
wherein in addition to the above 

at least one of R^ or R23 is a X radical, the possible remaining substituent being H, 
OH, =0, and OR where R = alkyl or acyl group or absent, 
and X is chosen fi-om the group consisting of : 

- halo atom, 

• (Me-S-), (Me-SO-X O^Ie-SO^-), and 
•N3-,NH2-,MeS02NH-, 

• alkyl 

14. Substituted sapogenins of claim 1 1, 12 or 13, wherein in the general formula 
(m): 

-Rl- R2= R4= R5= ^6= R7= R«== RlO=Ru= ^9= ^12== ^13= ^15 = ^16 = Rl7 = RjS = 
R2i= R22~ Ra4= R25= ^26" ^27^ ^28^^29^ ^^o" ^32" ^ ~ ^5 H, 

-Ri4 = R33 = alkyl, 

- R2o= -OH or -OR where R = alkyl, acg^l or carbohydrate and 
Ri9 = H or is absent 

R37=H,-OHor=0 
R36=Hor-OH 

represmts a single bond, and 
wherein in addition to the above 

at least one of Rg or R23 is a X radical, the possible remaining substituent being H 
OH, =0, and OR where R = alkyl or acyl group or absent, 
and X is chosen firom the group consisting of : 

• halo atom. 
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• (Me-S-), (Me-SO-), (Me-SOj-), and 
•Na-.Tffl^-.MeSOzNH-, 

• alkyL 

15. Substituted sapogenins of any of preceding claim, whereinintiie definition 
of X, the halo atom is a fluoro atom. 

16. Substituted sapogenins of any preceding daim chos«i from : 
(3P-fluoro-53, 20a,22a,25R-spirostane), (3,3-difluoro-5P, 20a,22a,25R- 
spirostane). (3a-methylsulphonylamino-5p,20a,22a,25R-spirostane), (3a-azido- 
5P, 20a,22a.25R-spirostane), (3a-amino-53^0a,22c^25R.spirostane), (25-methyl- 
Sp, 20o^22a-spirostan-3p-ol). 

17. Substituted sapogenins of any of claims 1 to 16, wherein the sapogenins 
substituted by at least one X radical as defined in claim 1 are chosen from 
sarsasapogenin, smilagenin, anzurogenin D and their isomers. 

18. Substituted sapogenins of claims 6, 7, 8 or 10, wherein: 
-Ri4 = R33 = methyl. 

19 Use of one or more of the substituted sapogenins as defined in any 
preceding claim in the manufacture of a medicament for use in the regulation of 
ceUular activity or for the treatment of a condition characterised by a deficiency m 
postsynaptic membrane-bound receptor number or fbnction. 

20. The use as claimed in claim 19, wheran said medicament is for tiie 
treatment of Alzheimer's disease or a senile dementia of the Alzheimet's type, 
Parkinson's disease, Lewi body dementia, postural hypotension, autism, chrome 
fatigue syndrom, Myastiienia Gravis, Lambert Eaton disease, diseases and problems 
associated with Gulf war syndrome, occupational exposure to organophosphorus 
compounds and problems assodated with agang. 

21. The use according to daim 20 in the manufecture of a medicament for tiie 
treatment of a condition characterised by tiie presence of neurofibrillary tangles 
and/or P-amyloid plaques. 
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22. The use as claimed in any of claims 19 to 21 , which is for the treatment of 
Alzheimer's disease or a senile dementia of the Alzheimer's type. 

23. The use as claimed in any of claims 19 to 22, wherein said medicament is for 
enhancing cognitive function. 

24. The use as claimed in claim 23, wherein said medicament is for enhancing 
cognitive function in a patient siifiTering from age-related dysfunction. 

25. A pharmaceutical composition having cognitive flmction enhancing 
properties which comprises a pharmacologically effective amount of a substituted 
sapogenin as defined in any of claims 1 to 18. 

26. A pharmaceutical composition having cognitive fimction enhancing 
properties which comprises a pharmacologically effective amount of one or more of 
the substituted sapogemns as deiSned in any of claims 1 to 18 in the fonn of a 
compound prq>ared from an extract derived from a plant of the genus Smilax, 
Asparagus, Anemarrhena, Dioscorea, Yucca or Agave. 

27. A non-therapeutical method of enhancing cognitive fimction which 
comprises administering one or more of the substituted sapogenin as claimed in any 
of claims 1 to 18. 

28. The use of one or more of the substituted sapogenins as claimed in anyone 
of claims 1 to 18 in a food product or beverage to enhance cognitive function. 

29. A food product or beverage comprising one or more of the substituted 
sapogenins as claimed in any of claims 1 to 18. 
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